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CHOLERA OUTBREAK IN POST-EARTHQUAKE HAITI: HOW AN 
OUTBREAK BECAME AN EPIDEMIC 
MALK BEYDOUN 
ABSTRACT 
 Cholera in Haiti has persisted since its introduction after the 2010 
earthquake. The outbreak demonstrates how a combination of socioeconomic 
factors, mainly a lack of infrastructure, can cause an outbreak to become a much 
more serious epidemic and the current enduring endemic. Because cholera 
came to a previously unexposed nation through United Nations peacekeepers, 
the outbreak in Haiti offers a unique perspective on the impact of globalization on 
public health. In addition, it provides a deeper look into the disproportionate 
impact of diarrheal diseases on low-income countries. Several biological and 
socioeconomic factors have facilitated the outbreak. Biological risk factors 
include immunologically naïve populations, low gastric acidity, and blood type. In 
addition, socioeconomic factors include a lack of clean drinking water and 
sanitation as well as a fragile and over-taxed healthcare system. The persisting 
struggle surrounding water and sanitation combined with a lack of knowledge on 
cholera prevention have precipitated the outbreak into an epidemic and further 
into its current endemic status. Current efforts to battle cholera include water and 
sanitation improvements, a national vaccination campaign, as well as the 
mobilization of community health workers. However, without the construction of 
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sustainable water and sanitation infrastructure, it is unlikely that cholera in Haiti 
can be eliminated. 
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INTRODUCTION 
 Cholera is by no means a recent issue. The seventh and current cholera 
pandemic began over half a century ago in 1961 (Lantagne et al., 2014). While 
the disease has been endemic in South Asia for decades, cholera in Haiti offers 
a unique perspective on how a treatable infectious disease can take hold in a 
low-income and immunologically-naïve country. This thesis explores the factors 
that precipitated the 2010 cholera outbreak in Haiti, as well as the factors 
sustaining the current endemic. While extenuating circumstances, such as the 
earthquake and the UN’s role, brought cholera to Haiti, the rapid escalation from 
outbreak to epidemic demonstrates the vulnerability of low-income countries to 
infectious disease.  
The thesis will first provide a background on how the cholera bacterium 
and the cholera toxin result in infection, illustrated visually through a preliminary 
exposure-disease model, and how the disease came to Haiti. Next, this thesis 
will explore why cholera in Haiti is an important public health issue. First, the 
UN’s role in the introduction of cholera to Haiti has important policy implications 
and raises questions about the possibility of accountability and financial 
reparations. Second, international travel is an important component of the import 
of cholera, and demonstrates the effect of globalization on the spread of 
infectious disease. Third, diarrheal diseases in general, and cholera specifically, 
are a global burden and have significantly increased mortality rates in Haiti. 
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Finally, climate change has and will continue to play a role in the level of 
circulating cholera in Haiti and can be an important predictive tool. 
The paper will then discuss the initial factors, both biological and 
socioeconomic, that facilitated the spread of the outbreak, as well as the factors 
that allowed it to progress to an epidemic. Finally, the thesis will explore the 
current efforts aimed at battling cholera and the possible impact on international 
aid policy, as well as the importance of stable infrastructure in eliminating 
cholera. 
Terminology: Outbreak, Epidemic, Endemic  
The prevalence of cholera in Haiti has ebbed and flowed since its first 
appearance in 2010. In order to discuss the progression of the cholera outbreak 
in Haiti, it is important to first clarify the terminology as it pertains to this thesis. 
These classifications are in line with the CDC’s definitions of the levels of disease 
(CDC, 2012). The term ‘endemic’ describes the current status of cholera in Haiti, 
a sustained and stable prevalence of disease in a specified region. On the other 
hand, an epidemic describes a sudden and sometimes drastic surge in the 
prevalence of disease in a specified region. The rise in the number of cases after 
Hurricane Matthew (Ivers, 2017) as well as the initial spread of the disease 
nation-wide are examples of this phenomenon. Finally, an outbreak also 
describes an increase in cases, however it’s confined to a smaller geographical 
region. For example, the spread of cholera from the peacekeepers camp to the 
immediately surrounding areas can be described as an outbreak. 
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SPECIFIC AIMS 
The following thesis aims to: 
1- Provide a general characterization of the Vibrio cholerae bacteria, its toxin, 
mechanism of infection, and resulting disease. 
2- Explore how cholera came to Haiti why it’s an important public health 
issue. 
3- Discuss the factors that precipitated the outbreak following the 2010 
earthquake in Haiti and the factors sustaining endemic cholera in Haiti. 
4- Discuss the current public health efforts aimed at reducing the burden of 
cholera as well as the future efforts necessary to eliminate the disease. 
5- Establish the vulnerability of low-income countries to infectious disease 
epidemics. 
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THE CHOLERA GERM 
Cholera is an infection caused by gram-negative bacterium Vibrio 
cholerae (V. cholera) (Nelson et al, 2009). V. cholera’s virulence is determined by 
two factors: the release of cholera toxin (CT) and a co-toxin regulated pilus  
(Nelson et al, 2009). The CT works on the enterocytes of the small intestine 
(Bharati & Ganguly, 2011) while the pilus is a filamentous structure thought to 
help bacterial cells bound together in the intestinal environment (Nelson et al, 
2009). The Haitian cholera strain in particular, like the South Asian strain, is 
classified as V. cholerae O1, biotype El Tor (Piarroux et al., 2011). 
Symptomatic infection with cholera leads to a cascade of reactions that 
result in a massive water efflux, causing painless and diffuse diarrhea that, if 
untreated, can escalate to severe dehydration, renal failure, and death (Bharati & 
Ganguly, 2011). The bacteria survive in water and food that have been exposed 
to contaminated feces (Tappero & Tauxe, 2011). Sources include rivers, 
irrigation channels, unprotected wells, and contaminated latrines. Latrines are 
pits in the ground where human waste is deposited, and they are either covered 
with a platform or not (Graham & Polizotto, 2013). 
 Common sources of ingestion include baby formula, bathing water, and 
fruits and vegetables washed with contaminated water. Figure 3 illustrates a 
preliminary exposure-to-disease model. 
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Treatment 
 While cholera’s attack is rapid, 80% of cases are mild-to-moderate in 
severity and very responsive to treatment (Gupta et al., 2016). In fact, most of 
those infected are asymptomatic (Jackson et al., 2013). Treatment of cholera 
includes antibiotics to treat the infection as well as oral rehydration salts for fluid 
replacement (Gupta et al., 2016). The introduction of fluid replacement as part of 
the treatment course has drastically reduced cholera’s case fatality rate from 
50% to 5% (Gupta et al., 2016). 
 While oral rehydration salts are key to treating the infection and alleviating 
water loss, antibiotic use in moderate and severe cases is necessary in order to 
reduce the severity of the illness and the burden of cholera (Farmer et al., 2011). 
Antibiotics reduce the duration of the illness and reduce transmission by 
minimizing stool volume (Farmer et al., 2011). These added benefits can 
Figure 3. Exposure-Disease model for cholera. 
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alleviate the burden of cholera on the Haitian healthcare system by cutting 
hospitalization time (Farmer et al., 2011). In an already taxed system, antibiotics 
are a necessary tool in managing and controlling the spread of cholera. However, 
it is also necessary to consider antibiotic resistance and monitor the Haitian 
strain’s sensitivity to current drugs in use (Farmer et al., 2011). 
 Zinc supplements are an added aid in cholera treatment. One study in 
Bangladesh found that zinc supplementation in children significantly reduces the 
length and severity of the disease in patients with severe cholera (Roy et al., 
2008). Supplementation was able to improve patient recovery as well as 
decrease stool production (Roy et al., 2008). In addition to antibiotics and oral 
rehydration salts, it is now recommended that zinc supplementation be used with 
patients under 15 (Rossi et al., 2011).  
 Treatment of cholera provides another explanation for why diarrheal 
diseases impact low-income countries disproportionately. In addition to the lack 
of clean water and sanitation resources, the increased need for treatment 
stresses an already-taxed healthcare system. While oral rehydration and 
antibiotics are easy to come by in developed nations, this multi-pronged 
treatment poses another challenge in the battle against cholera in a low-income 
country like Haiti. 
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WHY CHOLERA IN HAITI MATTERS 
 In 2010, Haiti was struck particularly hard by a 7.0 magnitude earthquake 
that shattered what little infrastructure had been there at the time (Lantagne et 
al., 2014). The United Nations (UN) peacekeepers flooded the scene in hopes of 
stabilizing the situation and helping the injured. However, among the rush of 
Nepalese UN peacekeepers was a strain of cholera brought to a previously 
unexposed and vulnerable population (Orata et al., 2014), resulting in a virulent 
disease with a case fatality rate of 7% (Farmer et al., 2011).   
The case of cholera in Haiti provides a look into how globalization, an 
economic and political phenomenon, plays a hand in public health. In addition, 
the devastating effect of the disease in Haiti is an example of the heavy burden 
of infectious diseases, and diarrheal diseases in particular, on developing 
nations. Finally, the impact of climate change on the spread of the disease sheds 
light on the changing dynamics between infectious diseases and the environment 
and how we can use that to predict disease trajectory.  
The Role of the UN 	 The UN peacekeepers were in Haiti as part of the United Nations 
Stabilization Mission in Haiti (MINUSTAH), founded in 2004 as a response to 
political unrest (Lantagne et al., 2014). After the 2010 earthquake, more 
peacekeepers were deployed to Haiti to assist in rebuilding the community, help 
with the emergency response, and stabilize crime rates (Lantagne et al., 2014). 
During the first few years since the initial outbreak in 2010, the UN has denied 
	8 
any involvement in bringing cholera to Haiti (Alston, 2018). This categorical 
denial was supported by two factors. First, the UN stated that international focus 
should be placed on handling the outbreak rather than spending resources 
investigating its source (Alston, 2018). Second, the UN cited scientific uncertainty 
and lack of evidence linking the cholera in Haiti to the Nepalese strain (Alston, 
2018). However, research into the source of the cholera outbreak persisted.  
Two major hypotheses exploring the source of the cholera outbreak were 
circulating: the climatic hypothesis vs. the human source hypothesis. The climatic 
hypothesis states that, since Vibreo cholerae is aquatic and lies dormant in 
coastal waters until disturbed, the outbreak could have been triggered by the 
water’s increase in temperature and salinity (Frerichs et al., 2012). On the other 
hand, the human source hypothesis argues that cholera was brought by travelers 
from a country where cholera is endemic (Frerichs et al., 2012). The UN 
peacekeepers garnered early attention due to reports of inadequate sanitation 
practices at their base camp (Frerichs et al., 2012). To be able to accurately 
determine the cause of the initial outbreak, the UN’s Secretary-General 
assembled a group of experts and formed the Independent Panel of Experts on 
the Cholera Outbreak in Haiti (Lantagne et al., 2014). 
 The first piece of evidence supporting the human source hypothesis was 
that the UN peacekeepers came from Nepal, a country where cholera was 
indeed endemic. Second, peacekeepers were not subjected to medical testing 
between Nepal and Haiti (Frerichs et al., 2012). Third, hygiene and sanitation 
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practices at the camp of the peacekeepers were investigated and found to be 
inadequate and unequipped to prevent contamination of the nearby Artibonite 
River (Frerichs et al., 2012). Fourth, molecular sampling of the Haitian strain 
found that it likely had Nepalese origin, however the results were weaker without 
a concurrent epidemiological study. To be specific, molecular analysis concluded 
that all the Haitian strains are genetically identical and come from a single source 
(Lantagne et al., 2014). It also concluded, however, that while it’s not identical to 
the Nepali strains, the differences are an expected consequence of the evolution 
this strain undergoes (Lantagne et al., 2014). Finally, an independent 
epidemiological study confirmed a spatial and temporal correlation between the 
arrivals of the peacekeepers and the initial cluster of cases in Meille (Frerichs et 
al., 2012). The same epidemiological study also cautiously noted that the second 
cluster of cases, in the lower Artibonite River communes, was likely caused by 
the contamination of the Artibonite River rather than from Mirebalais (Frerichs et 
al., 2012). The combination of these factors presented an overwhelming amount 
of evidence supporting a Nepalese origin for the cholera outbreak in Haiti.  
After the Independent Panel’s report was released in 2011, the UN 
assembled a Task Force to investigate the conclusions and recommendations 
made in the report (Lantagne et al., 2014). The Task Force denied the source of 
the outbreak and claimed that anyone, not necessarily the UN Peacekeepers, 
could have imported the disease (Lantagne et al., 2014). However, following the 
report, research into the source of cholera in Haiti continued and in December 
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2016, UN Secretary-General Ban Ki-Moon apologized to the people of Haiti on 
behalf of the UN for its role in the cholera epidemic (Alston et al., 2018). 
The role of the investigations was not to place blame on the individual 
peacekeepers. However, it was important to determine the source of such an 
outbreak in order to highlight gaps in the UN’s pre-deployment training, evident 
by the inadequate sanitary practices at the base camp. In addition, the presence 
of cholera among the incoming peacekeepers demonstrates a gap in policy, as 
they were not screened or given prophylactic antibiotics after leaving a country 
with endemic cholera. Finally, determining responsibility for the initial outbreak 
raises further questions regarding the possibility of financial reparations and the 
role the UN must play in alleviating the burden of cholera in Haiti.  
Globalization 
Globalization describes the increasingly interconnected, interdependent, 
and integrated status of the modern world; incidents on one end of the globe can 
have far-reaching consequences (Walton & Ivers, 2012). This phenomenon has 
clear benefits in the world of public health, increasing technological 
advancements as well as human rights (Yach and Bettcher, 1998). However, 
globalization is a double-edged sword as was demonstrated in the case of 
cholera in Haiti.  
The 2010 cholera outbreak in Haiti is an important example of the effect of 
global travel on disease spread. With no known previous cholera infections, Haiti 
was first exposed to the disease after infected peacekeepers arrived as part of 
	11 
earthquake-relief efforts (Orata, Keim, & Boucher, 2014). With the increasing 
ease and accessibility of travel, outbreaks like the one in Haiti offer an important 
and unique perspective on how easily disease can spread. Tourist travel alone 
has become more frequent and more remote, with a surge in travel to Asia and 
sub-Saharan Africa (Relman et al., 2010). In fact, there has been a 35-fold rise in 
international tourist arrivals between 1950 and 2007 (Relman et al., 2010) and 
international arrival is expected to reach 1.6 billion by 2020 (Pavli and Maltezou, 
2017). However, an increase in international travel was not met with an increase 
in pre-travel consultation, leaving un-vaccinated and unaware travelers 
vulnerable to contracting disease as well as spreading it. In fact, up to 80% of 
international travelers do not seek pre-travel care and advice (Freedman et al., 
2016). With increasing travel to remote areas, this leaves low-income particularly 
vulnerable to the spread of infectious disease. 
The first observed cholera case in the outbreak offers a perspective into 
the effects of globalization. The patient was a 28-year old man residing in 
Mirebalais, Haiti. A remote town far from the Haitian capital of Port-au-Prince 
(map shown for reference in figure 1), Mirebalais was an unexpected location for 
an imported outbreak (Walton & Ivers, 2012). In fact, the strain of cholera found 
in Mirebalais matched the Nepali strain, and is believed to have reached 
Mirebalais through the Meye River (Walton & Ivers, 2012). Due to inadvertent yet 
defective sanitation in the United Nations peacekeepers camp, the strain reached 
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Mirebalais before traveling to the Dominican Republic and then Miami and 
Boston (Walton & Ivers, 2012).  
Globalization is a natural reaction to the increasing accessibility of 
communication and travel. Increasing mobility has a clear positive impact, 
making it easier to exchange medicine and technological advancements. 
However, cholera in Haiti highlights this relatively new accessibility to previously 
remote areas and whether or not protective policies should be put in place. The 
case in Haiti also sheds light on the inadequacy of the policies that were put in 
place to protect against such events, as well as the lack of adherence to them. 
 
Figure 1. Map of Haiti (Mirebalais circled). 
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Impact of Diarrheal Diseases 
Diarrheal diseases like cholera are one of the most devastating causes of 
death and disability in underdeveloped countries, especially affecting children 
under the age of 5 (Farmer et al., 2011).  In fact, the virulence of a disease like 
cholera is of special concern due to its potential for a pandemic effect, as seven 
previous pandemics have been recorded (Orata et al., 2014). It is estimated that, 
among 69 cholera-endemic countries, there are 1.3 to 4 million cases of cholera 
every year and 21,000 to 143,000 deaths (Ali et al., 2015). The burden of these 
diseases disproportionately effect low-income countries that lack the resources to 
treat the disease and control the outbreaks. 
In addition, disease and death rates of the outbreak as a whole are known 
to be underreported and do not accurately represent the severity of the 
circumstance (Luquero et al., 2016). These figures underestimate the true 
burden of cholera due to difficulties in accurate reporting, with only 5-10% of 
cases being reported (Ali et al., 2012). In fact, it is estimated that there are 
800,000 unreported cases as of 2017 (Ivers, 2017). Possible reasons for 
underreporting include inadequate surveillance, lack of infrastructure, and 
additional incentives to underreport in order to avoid trade sanctions put on 
exported products (Nelson et al, 2009). 
In addition to the political and social reasons for underreporting, like fear 
of trade sanctions and social stigma, cholera itself is a difficult disease to report. 
Patients who die due to massive dehydration before being able to reach care are 
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not represented in these figures, along with patients who do not seek care at all 
(Ali et al., 2015). In addition, most of those infected with cholera are 
asymptomatic and also contribute to underreporting (Jackson et al., 2013). 
The Centers for Disease Control and Prevention (CDC) estimated that by 
the end of the first wave of the epidemic in 2011, there were 283,362 reported 
cases and 4856 deaths, increasing the crude fatality rate of Haiti by 1.1-fold from 
cholera alone (Luquero et al., 2016). Figure 2 demonstrates the results of a study 
sampling the crude mortality rate (CMR) of 4 regions in Haiti and comparing it to 
the expected CMR had there not been an outbreak (Luquero et al., 2016). 
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Figure 2. Crude mortality rates (number of deaths/1,000 person-years) each week in 4 
sites. (A: Gonaives, B: Cap-Haiten, C: North Department, D: Gaspard). Figure taken from 
Luquero et al., 2016. 
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Figure 2 illustrates the CMR during the cholera epidemic (blue line) in 
comparison to the stable expected CMR had there not been an outbreak (red 
line) in Gonaives, Cap Haiten, North Department, and Gaspard.  However, it is 
important to note that the baseline is based on a national average, unlike the 
measured CMR which was based on population samples from the study sites 
(Luquero et al., 2016). Regardless, the excess death rates during these weeks 
show a strong correlation between the epidemic and the higher CMR (Luquero et 
al., 2016) and this demonstrates the devastating impact of cholera both in the 
capital of Port-au-Prince as well as the surrounding areas. 
Climate Change 
 Climate change has been a widely contended and controversial issue in 
recent politics. Even though 97% of scientists confirm the existence of climate 
change, studies found that climate change denial is widely disseminated 
throughout mass media (Whitmarsh, 2011). Scientifically, however, global 
warming as a reality is almost universally agreed upon; the emission of 
greenhouse gases will result in climate change and atmospheric warming 
(McMichael et al., 2006). Among these climate changes will be an increase in 
average rainfall as well as a rise in sea level (McMichael et al., 2006). In fact, 
since 1970, the earth’s temperature suffered a temperature rise of 0.5C, a 
change that is largely due to an increase in greenhouse gas emission 
(McMichael et al., 2006).  
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 Climate change will ultimately affect human health in different ways, many 
of which are still unknown. While climate change disasters are generally 
correlated with extreme weather events, the effects of global warming on human 
health are much more diverse and far-reaching. These can include microbial 
proliferation, crop failures, and changes in vector-pathogen-host relations 
(McMichaels et al., 2006). 
 The effect of climate change on infectious disease is an area of fairly 
recent research. Understanding how the climate effects disease patterns can 
enable us to design better-informed interventions. V. cholerae in particular 
presents a pathogen that can be widely affected by changes in the environment. 
V. cholerae exists largely along coasts and estuaries, using zooplankton 
(copepods in particular) as biological hosts (de Magny et al., 2008). In fact, 
copepods can carry 103-105 cholera cells attached to their gut (de Magny et al., 
2008). An increase in the prevalence of copepods in the water is associated with 
an increase in cholera. The effect of copepod multiplication on cholera incidence 
was examined in Bangladeshi villages (Colwell et al., 2003). It was found that, by 
filtering out plankton from the drinking water, cholera incidence was reduced by 
38%, and when the study was repeated on a statistically significant sample, 
cholera incidence was reduced by nearly half (Colwell et al., 2003). It is important 
to note that removing plankton from drinking water can be done with a simple 
and inexpensive filtration method. Using a nylon net, or a folded sari as was done 
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in the study is an effective filtration method and a cost-effective alternative to 
boiling the water, which can be costly and unrealistic (Colwell et al., 2003). 
 This relationship between cholera incidence and copepods is even more 
relevant when it comes to climate change. It was found that changes in sea-
surface height and sea-surface temperature can result in a rise in copepods, and 
therefore a rise in cholera incidence in countries where cholera is endemic 
(Colwell et al., 2003). Tidal intrusion caused by increased rainfall, which brings 
copepods into the cost and further inland, increases human-cholera interaction 
and can increase disease incidence in countries where the water is left untreated 
(Colwell et al., 2003).  
 While it is possible that copepod surges due to rainfall lead to increases in 
cholera in Haiti, cholera was imported to Haiti rather than brought naturally. 
However, in a study investigating the effect of increased rainfall on cholera in 
Haiti, the effect was maintained. The conclusion that increased rainfall results in 
a surge of plankton-human contact, while possible, is an unlikely cause for the 
connection between increased rainfall and increased cholera in Haiti (Eisenberg 
et al., 2013). In Haiti’s case, with the existing cholera epidemic, there is a high 
level of V. cholerae in raw sewage (Eisenberg et al., 2013). Due to weak 
infrastructure and sanitation, increased rainfall washes raw sewage into the 
ground water that the community uses for daily activities (Eisenberg et al., 2013). 
This provides important implications on the interaction between climate change 
and infrastructure. 
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 Understanding the way climate change interacts with infectious disease 
can be a useful tool in predicting disease levels, especially in countries where the 
disease is endemic. For example, while Haiti had experienced a leveling off of 
cholera in 2015 and 2016, Hurricane Matthew resulted in a rise in the number of 
cases (Ivers, 2017). Extreme weather events can add stress on an already-taxed 
healthcare system and consumes resources that could be used fighting endemic 
diseases. Predicting the effects of these events can help us better allocate 
resources, including treatment centers, vaccines, and community health workers.  
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HOW A GERM BECAME AN OUTBREAK 
Biological Factors 
Several factors, both biological and socioeconomic, precipitated the initial 
outbreak of cholera. First, immunologically naïve populations, those that have no 
previous exposure to cholera, are especially susceptible hosts. In fact, in a study 
on an endemic population, more than 90% of those who suffered a severe case 
of cholera were immune from future infection (Nelson et al., 2009). With no quick 
adaptive immune response, the Haitian community was strongly affected and the 
resulting disease was severe and profuse (Farmer et al., 2011). In addition to 
being more susceptible to infection, immunologically naïve populations are more 
likely to suffer increased severity when infected (Jackson et al., 2013). 
Second, low gastric acidity marked by the use of antacids is another 
biological contributor to the severity of illness. A study found that patients who 
used antacids were more likely to present with severe cases than those who did 
not use antacids (Jackson et al., 2013). While the study acknowledges the lack of 
a direct causative link, and antacid use is a high unlikely contributor in Haiti, it is 
an important association to keep in mind as another risk factor in an already 
vulnerable population.  
Third, there is an interesting relationship between the O-blood group and 
cholera. It’s important to note that the O blood group does not affect how 
susceptible someone is to becoming infected with cholera. However, those with 
the blood type O are more likely to present with a severe case of cholera when 
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infected (Harris & LaRocque, 2016). In fact, in one study, it was found that O-
type individuals were 8-times more likely to present with severe cases (Harris & 
LaRocque, 2016). This association becomes more interesting when looking at 
Ganges delta, a Bengal region where cholera is endemic (Harris & LaRocque, 
2016). The low prevalence of O-type individuals in this region implies that it is 
selected against due to a long-time battle with endemic cholera (Nelston et al., 
2009). On the other hand, Latin America contains a high proportion of O-type 
individuals, which can account for the increased hospitalizations in comparison to 
Genges delta (Nelson et al., 2009). 
While Latin America has a higher proportion of O-type individuals, this is 
not necessarily the case for Haiti, whose population is predominantly of African 
descent. However, the selection against O-type individuals in Ganges delta 
raises the question of how the introduction of cholera into Haiti can change 
population genetics long-term.  
Socioeconomic Factors 
While biological factors assisted in spreading cholera in Haiti, 
socioeconomic factors, on the other hand, are key to understanding why the 
nation was hit so hard by the outbreak. Even prior to the 2010 earthquake, Haiti 
suffered from a severe lack of clean water resources (Farmer et al., 2011). In 
2002, Haiti ranked last in water security out of 147 countries (Farmer et al., 
2011). While water and sanitation solutions like tap water and latrines are 
available, they were not widely disseminated at all. In fact, in 2008, only 17% of 
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the population had access to the proper sanitation and only 12% received treated 
water (Farmer et al., 2011). Therefore, a majority of the population used 
untreated sources of water and practiced unsafe waste management practices, 
creating the ideal environment for V. cholerae.  
Socioeconomic factors play a major role within the Haitian population as 
well. One study measured severity of illness against the socioeconomic status of 
patients (Jackson et al., 2013). Socioeconomic status was measured in three 
markers: the presence of mobile phones, radio, and electricity in the household. 
As expected, it was found that a higher socioeconomic status correlated to a 
lower disease severity (Jackson et al., 2013). These differences could be due to 
better hygiene practices as well as safer drinking and sanitation practices 
(Jackson et al., 2013). 
In addition, the available healthcare services in Haiti at the time of the 
outbreak were severely unequipped to handle the burden of cholera. In fact, Haiti 
suffered from a health worker shortage that left 2.5 physicians and 1.1 nurses for 
every 10,000 inhabitants (Jerome & Ivers, 2010). Most of these healthcare 
workers were based in urban centers and cities, leaving the inhabitants of rural 
areas particularly vulnerable (Jerome & Ivers, 2010). Haiti’s healthcare relied 
heavily on the mobilization of community healthcare workers to help alleviate the 
burden of HIV and TB (Jerome & Ivers, 2010). Therefore, when cholera began to 
spread in Haiti, there was a lack of healthcare resources to treat and control the 
outbreak. 
	24 
HOW AN OUTBREAK BECAME AN EPIDEMIC 
Since the beginning of the outbreak, disease rates have spread and risen 
to officially garner cholera in Haiti epidemic status (Luquero et al., 2016). The 
initial response to the cholera outbreak in Haiti faced many challenges, the 
biggest of which were a lack of clean water, sanitation, and healthcare. In 
addition, the public’s suspicion of the UN’s role in the outbreak resulted in 
violence and impeded emergency response efforts (Farmer et al., 2011). Since 
the earthquake had just struck, the airport and port were harmed and it became 
difficult to bring in needed resources. In addition, overcrowding and displacement 
as well as shelters and wreckage from the earthquake made it more difficult to 
transport resources within Haiti (Lantagne et al., 2014). The following factors, 
largely socioeconomic, have sustained the disease and allowed it to circulate.  
Lack of Clean Water Sources and Infrastructure 
The status of water, hygiene, and sanitation (WASH) in Haiti has been 
severely lacking long before the earthquake struck. In 2010, only 69% of the 
population had access to a safe water source, while only 17% had access to 
improved sanitation (Gelting et al., 2013). The gap is more pronounced when 
looking at urban vs. rural areas. Where 24% of people in urban areas had access 
to improved sanitation, that number drops to 10% when looking at rural areas 
(Gelting et al., 2013). 
WASH reform has been a long and contentious road in Haiti’s history. The 
timeline in table 1 provides a roadmap of the highlights of improvement efforts. 
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Table 1. Timeline of the status of WASH in Haiti before the 2010 earthquake, constructed 
from (Gelting et al., 2013). 
Date Event 
1900 Research finds link between poor water quality and disease in 
Haiti. 
1915-1934 United States occupy Haiti: military missions include WASH 
improvement and infrastructure initiatives. 
1948 UN technical mission: Haitian government extends invitation to 
newly-formed UN for advice on improving WASH services. 
1950s Inter-American Development Bank (IDB) provides extensive loans 
to Haiti to improve the national water supply. 
1964 Formation of Centrale Autonome Métropolitaine d’Eau Potable 
(CAMEP): an organization focused on improving water sources in 
Port-au-Prince 
1974-1980 WHO’s regional Pan American Health Organization (PAHO) lends 
its recommendations on increasing water-related planning and 
development.   
1977 Formation of Service National d’Eau Potable (SNEP): an 
organization focused on improving water sources in all areas other 
than Port-au-Prince. However, the resources were targeted more 
towards urban areas and secondary cities, leaving rural cities 
lacking. 
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1985 WASH rural supply project: US collaborates with the NGO CARE in 
order to establish 40 water supply systems and provide 160,000 
people with safe drinking water. 
1986- 
Early 
2000s 
Haiti transitions into democracy, slowing down previous WASH 
improvement efforts, like the WASH rural water supply project. 
Unstable and changing governments led to a funding freeze and a 
stop in foreign assistance. 
2009 Haitian parliament votes WASH reform into law and creates 
National Directorate for Potable Water and Sanitation (DINEPA) 
which folded CAMEP and SNEP into its function 
January 
2010 
7.0-magnitude Earthquake hits Haiti 1 month after formation of 
DINEPA. 
DINEPA is one of many organizations formed to alleviate the water and 
sanitation status in Haiti, it was predicted that huge milestones would be reached 
within a few years of its formation. However, its long-term goals were put aside 
for emergency efforts after the earthquake hit (Gelting et al., 2013). 
While the lack of clean water that precipitated the outbreak is a main 
target for current public health campaigns, it still remains a serious issue 
(Luquero et al., 2016). Accompanied with a lack of adequate infrastructure to 
deal with the contaminated water, this vicious cycle sustains the high levels of 
infection in Haiti. In fact, due to a lack of trained healthcare workers, only 50% of 
the population has access to healthcare with 25% of severely ill patients being 
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taken to a healthcare facility. Current literature strongly supports the introduction 
of a nation-wide sewage and sanitation system to guarantee proper waste 
management (Farmer et al., 2011). 
In the meantime, however, household water treatment and safe storage 
are among the most successful and cost-effective water-quality interventions. 
These technologies are aimed at treating the water at the point of use in order to 
give communities a measure of independence (Farmer et al., 2011). In fact, it 
was estimated that diarrheal diseases have dropped 30%-40% due to point-of-
use water treatments (Farmer et al., 2011). As opposed to boiling and solar 
disinfection, chlorination and safe storage are cost-effective and do not tax the 
existing infrastructure (Farmer et al., 2011). While these interventions are 
necessary to alleviate the burden of cholera, point-of-use water treatment are 
secondary to a sewage and sanitation system and a sustainable source of safe 
water. 
Increased Mobility 
 When the earthquake struck Haiti on January 12th 2010, it decimated 
403,176 buildings (Lantagne et al., 2014) and left 2 million people without shelter 
(Tappero & Tauxe, 2011). As a result, these internally displaced persons (IDPs) 
were forced to settle in various IDP camps. It was expected that these IDP 
camps would pose a high-risk environment for cholera, due to overcrowding and 
increased displacement (Piarroux et al., 2011). In reaction to this fear, one of 
DINEPA’s most important goals was to provide safe water and sanitation 
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conditions in these IDP camps (Gelting et al., 2013). As a result, cholera 
incidence was relatively low in the IDP camps due to the provision of safe water, 
food, and sanitation (Piarroux et al., 2011). 
While overcrowded urban areas like IDP camps facilitate the transmission 
of the disease, these areas also more likely to have a safe source of treated 
water and easier access to treatment facilities (Farmer et al., 2011). Rural areas, 
however, suffer from a more severe lack of infrastructure. Located farther away 
from treatment centers and treated water sources, rural areas became the 
source of most cholera cases recorded in the beginning of the outbreak (Farmer 
et al., 2011). The disparity between urban and rural areas presents another 
challenge in the provision of cholera interventions in Haiti. 
Educational Campaign Challenges 
Educational initiatives were rolled into much of the fight against cholera to 
reduce risky behavior and promote prevention and hygiene. The campaigns 
covered information about transmission, diagnosis, treatment methods and 
locations, and even addressed the social stigma associated with the disease 
(Farmer et al., 2011).  Reducing stigma through education was an important 
component of these campaigns, as communities protested the presence of 
cholera-treatment sites in their neighborhoods due to fear of the disease (Farmer 
et al., 2011).  
These campaigns were disseminated through densely populated areas, 
IDP camps, rural communities and among students (Farmer et al., 2011). 
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However, surveys targeted at evaluating the effectiveness of these campaigns 
found that they were initially largely unsuccessful in preventing cholera 
transmission (Farmer et al., 2011). One possible reason for this is that residents 
faced a lack of resources available to implement risk-reducing behavior (Farmer 
et al., 2011). For example, the promoted hand-washing behavior was difficult to 
implement due to a shortage of soap and clean water (Farmer et al., 2011). 
Therefore, it was recommended that health-promoting educational campaigns be 
coupled with the distribution of health-promoting items (Farmer et al., 2011). 
On the other hand, educational campaigns were successful in increasing 
the community’s acceptance of new interventions, specifically the treatment of 
water through chlorination (De Rochars et al., 2011). This positive behavioral 
change demonstrates the importance and potential of educational campaigns in 
the fight against cholera.  
However, the delivery of educational messages constitutes another 
challenges. The total adult literacy rate in Haiti measured between 2008 and 
2012 was 48.7% (UNICEF, 2013). Therefore, some of the earliest educational 
campaigns came in the form of broadcasted messages and posters with graphics 
in order to reach the widest audience possible and ensure that those who could 
not read would receive the same information (Tappero & Tauxe, 2011). However, 
educational campaigns in the Dominican Republic, where cholera had spread 
from Haiti, were found to be more effective. It was found that 89% of Santo 
Domingo citizens received cholera-prevention knowledge (Tappero & Tauxe, 
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2011). It’s important to note that Latin American countries other than Haiti have 
better infrastructure, with 86% of the population in the Dominican Republic 
having access to improved sanitation (Tappero & Tauxe, 2011). However, the 
Spanish common tongue could have also been an added advantage, making it 
easier to disseminate information to Spanish-speaking countries. On the other 
hand, Haiti, with lower literacy rates and whose primarily spoken language is 
Haitian Creole, was isolated and faced harder challenges with disseminating 
information.  
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CURRENT EFFORTS 
The circumstances that brought cholera to Haiti have led to an extensive 
debate about the best way to address the epidemic. However, the research 
shows that efforts in treating the disease must be coupled with socioeconomic 
improvements, such as the provision of clean water and appropriate sanitation 
measures. The epidemic will almost surely persist without a sustainable WASH 
infrastructure. The lack of clean water sources increases infections that further 
tax a fragile healthcare system. Until sustainable infrastructure is a reality, 
community health programs and vaccination campaigns are powerful tools to 
fight the epidemic. Therefore, truly successful efforts should be multi-pronged 
and holistic, considering the entire scope of the problem.  
DINEPA 
 Following the outbreak, there was a flood of emergency response efforts. 
While DINEPA was only newly formed when the earthquake struck in 2010, it 
played, and continues to play, a major role in fighting the disease. However, 
DINEPA’s orientation shifted from long-term to rapid response and became 
heavily concerned with coordinating WASH improvement efforts and funding 
(Gelting et al., 2013).  
DINEPA’s WASH sector improvements include chlorination of water 
supplies, handing out water treatment goods, as well as conducting and 
disseminating educational campaigns (Gelting et al., 2013). This multi-pronged 
approach focuses on prevention both through improving water safety as well as 
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educating the public. More recently, however, DINEPA’s efforts are becoming 
long-term once again and it has reformed its Five Year Plan to become more 
reflective of its original purpose (Gelting et al., 2013). Its efforts include improving 
the WASH sector in both urban and rural areas in order to achieve more 
cohesive national coverage.  
In addition to DINEPA’s overarching mission, the organization created the 
Potable Water and Sanitation Technicians for the Communes (TECPA), whose 
technicians are focused on working with rural communities to inspect water 
quality and disseminate healthy hygiene habits. The implementation of 
technicians has already been found useful in improving the WASH status in rural 
communities (Domercant et al., 2015). Successful WASH coverage (both rural 
and urban) would intuitively have a positive impact on reducing disease 
transmission. In fact, response efforts have caused a significant drop in cases 
from 352,033 to 15,063 between 2011 and 2014 (Domercant et al., 2015). 
However, it is believed that response efforts will not be sufficient to eradicate the 
cholera endemic in Haiti until sewage and water systems are established 
(Waldman et al., 2013). 
Vaccines 
 The oral cholera vaccine (OCV) played a surprisingly small role in the 
initial years post-outbreak. While there was no authoritative perspective on the 
potential of the vaccine, it was irrelevant due to its limited supply and relative 
novelty (Ivers, 2017). However, when Hurricane Matthew landed in Haiti in 
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October 2016, it reopened a rift in a cholera response that had been in the midst 
of making true progress. The impact of the hurricane on cholera treatment 
centers and water sources has resulted in an increase in cases, exacerbating the 
7-year epidemic (Ivers, 2017). New post-hurricane efforts have brought attention 
to the potential role vaccines can play in fighting cholera in Haiti. 
 In a study exploring the efficacy of the OCV in rural areas, it was found 
that those vaccinated had zero cases of cholera when seen 3 years after 
vaccination, resulting in an efficacy rate of 97.5% (Sévère et al., 2016). In fact, 
between September 2013 and August 2016, there were no cholera cases in 
those who received the combined approach of household chlorination and 
vaccination. In addition to the vaccine’s biological efficacy, it is also 
socioeconomically feasible for delivery to rural areas; the OCV is affordable at 
approximately $1.70 per dose, as well as transportable, remaining stable at a 
temperature of 37°C for 30 days (Ivers, 2017). Due to these findings, the Special 
Consulting Group to the Minister of Health and Population has strongly 
recommended that mass vaccination be rolled into the government’s National 
Plan for the Elimination of Cholera in Haiti (Ivers, 2017). The vaccination 
campaign details a national two-dose recommendation (Ivers, 2017). Like most 
recent targeted efforts, the national plan is multi-pronged and includes WASH 
sector improvements and hygiene education in addition to the OCV. 
 Initially, an argument against the dissemination of the OCV was that the 
added security would result in more careless hygiene practices. An early 
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vaccination campaign was conducted in September 2012: the first wave aimed at 
vaccinating residents 10 years-old and above and the second aimed at children 
between 1 and 10 years old (Aibana et al., 2013). In an independent study, a 
survey was conducted before and after the campaign and included key questions 
about how to avoid and treat cholera (Aibana et al., 2013). It was found that a 
secondary effect of the vaccination campaign was improved knowledge about 
cholera with a higher proportion of residents gaining knowledge of cholera after 
the campaign (Aibana et al., 2013). 
 Another study explored both the knowledge and practices surrounding 
cholera before and after the MSPP conducted its first vaccination campaign in 
2013. While there was no change in how much individuals knew about cholera 
before and after vaccination, it did find that there was a decrease in water 
treatment and safe drinking practices (Childs et al., 2013). These findings 
highlight how future OCV campaigns can be even more useful by providing 
information about the importance of water treatment and safe hygiene practices 
(Childs et al., 2013).  In an epidemic as extensive as the one in Haiti, multi-
pronged campaigns that combine several interventions are key in reducing the 
burden of cholera. 
Healthcare Workers 
 Due to the lacking infrastructure and poor healthcare conditions, 
community health workers (CHWs) have played a significant role in Haiti’s fight 
against cholera. The mobilization of CHWs was particularly important in early 
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response efforts when education and access in rural areas was sorely lacking. 
CHW training is in line with the mission to create a sustainable response that 
mobilizes Haitians instead of recruiting from the outside, which can use up limited 
resources. In addition, CHW can be more successful in disseminating information 
about cholera than mass media campaigns; they represented a trusted source 
and can reach communities that the media campaigns did not. 
 In order to mobilize CHWs, the CDC worked closely with the Haitian 
Ministry of Public Health and Population (MSPP) to create training materials. The 
educational materials took into account cultural nuances as well as 
recommendations for how to handle, treat, and prevent cholera (Rajasingham et 
al., 2011). The materials covered a wide range of topics from different governing 
sources including the WHO (World Health Organization), water-treatment 
manufacturers, and the Bangladeshi International Center for Diarrheal Disease.  
The dissemination of the information was carried out through a cascading Train-
the-Trainer model where master trainers, like physicians and nurses, worked with 
groups of CHWs who, in turn, trained more CHWs in their own communities 
(Rajasingham et al., 2011). Once CHWs were mobilized, they played a huge role 
in alleviating the burden on a taxed and fragile healthcare system by delivering 
rehydration salts and water filters, teaching hygiene, and even properly taking 
care of cadavers (Walton & Ivers, 2011).   
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FUTURE CONSIDERATIONS 
WASH Improvement 
 WASH improvements, in the form of clean water and safe waste 
management, are the cornerstone to reducing the spread of cholera. In fact, 
many public health experts agree that continued use of clean water and 
responsible sanitation practices can eliminate the spread of cholera in Haiti 
(Fung et al., 2013). While there are many effective WASH improvements 
currently in place, they are considered short-term solutions. These interventions 
include pit latrines, point-of-use chlorination, and hand washing education 
campaigns (Fung et al., 2013).  
 In addition to the short half-life of the effectiveness of these solutions, 
more research needs to be done to investigate which interventions in particular 
are the most successful (Taylor et al., 2015). For example, studies have found 
that treating water by chlorinating it at the source, rather than at the point of use, 
was ineffective because the water was likely to be re-contaminated in transport 
or due to poor hand hygiene (Taylor et al., 2015). In addition, distributing chlorine 
for treatment at the household level was also ineffective regardless of the level of 
education due to a lack of implementation (Taylor et al., 2015). While ineffective, 
these strategies consume important resources that could be funneled into more 
efficient strategies, such as the construction of long-term WASH infrastructure.  
The process of establishing the necessary infrastructure to insure a 
sustainable source of drinking water and improved sanitation in Haiti is still 
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ongoing and arduous. The CDC has been working closely with DINEPA in their 
mission to effectively treat and dispose of waste (CDC, 2017). It was found that 
the significant improvements in waste treatment were effective, however waste 
elimination remained inadequate (CDC, 2017). In addition, the World Bank has 
also been working with DINEPA to establish a source of safe drinking water in 
communities outside of Port-au-Prince metropolitan area (The World Bank, 
2014). Sustainable water and sanitation infrastructure, while absolutely 
paramount, is not yet a reality in Haiti. In the meantime, water treatment 
programs, community mobilization, and vaccination campaigns are the main 
tools for preventing death and reducing the burden of cholera.  
UN Policy 
The role of the UN in the initial outbreak and the beginning of the epidemic 
raises questions about whether or not UN policies are adequate to stop this from 
happening again, and if not, what needs to change. The lack of precautionary 
medical examination before the peacekeeper’s deployment to Haiti as well as the 
negligent sanitation practices at the campsite raised many flags about UN 
procedure. In addition to changes in policy, now that the blame has been placed, 
are compensatory reparations possible and can they be used to stem the tide of 
endemic cholera in Haiti.  
After determining the source of the outbreak, the Independent Panel of 
Experts on the Cholera Outbreak released a set of recommendations provided by 
Latagne et al., 2014. 
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1- Mandatory screening to determine the presence of cholera or a 
mandatory dose of prophylactic antibiotics or both for all UN 
personnel and emergency responders coming from countries 
where cholera is endemic. 
2- Mandatory prophylactic antibiotics or a course of OCV for all UN 
personnel and emergency responders. 
3- All UN sites must treat fecal waste in order to kill pathogens 
before disposal. 
4- The UN must train health workers and ensure the availability of 
oral rehydration salts community-wide to prevent death before 
reaching health centers.  
5- The UN must set up and enforce procedures to minimize the risk 
of transmission within health facilities. 
6- Allocate resources dedicated to improving the sanitation sector 
and establish a long-term sustainable source of treated water. 
7- Increase water treatment and sanitation programs until the 
appropriate infrastructure has been established. 
a. Household and community wide water treatment programs. 
b. Safe disposal and treatment of fecal waste. 
8- Explore the use of the cholera vaccine as a preventative 
measure. 
9- Advance cholera surveillance, detection, and tracking. 
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The UN’s action in response to these recommendations has been mixed. 
While it has created a pre-deployment program to train emergency personnel on 
hygiene and cholera prevention, the UN refuses to implement any of the policies 
regarding the use of prophylactic antibiotics (Saini, 2017). This ambivalence 
toward prophylactic antibiotics is due to mixed opinions within the medical 
community regarding their effectiveness. Following the UN’s response, studies 
found that prophylactic antibiotics were 90% effective in reducing disease 
introduction (Saini, 2017). However, there are still questions about whether or not 
they should be used due to the possibility of antibiotic resistance and the public’s 
mistrust (Saini, 2017). 
In terms of sanitation, the UN released a report vaguely describing their 
plans for improving waste-management (Saini, 2017). However, due to Haiti’s 
lack of infrastructure, it is unclear how effective the short-term waste treatment 
and waste storage recommendations would be (Saini 2017). Instead, the 
recommendations that include the construction of a sustainable infrastructure 
would likely be more effective in reducing the spread of the disease (Saini, 2017). 
This is also in line with the consensus that the establishment of infrastructure is 
key to eliminating cholera in Haiti. 
In addition to its policy changes and assistance in improving Haiti’s water 
and sanitation, the UN was also sued for financial reparations. In response to the 
UN’s initial denial, the Institute for Justice and Democracy in Haiti (IJDH) filed a 
law-suit claiming the UN’s culpability (Schaefer, 2013). A non-governmental 
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American institution filed another lawsuit pursuing both compensation for the 
victims and their families as well funding to eradicate the disease (Schaefer, 
2013). However, due to its ubiquitous international role, the UN is protected by a 
myriad of immunities as set by the 1946 Convention on the Privileges and 
Immunities of the United Nations and the Status of Forces Agreement (SOFA) 
(Schaefer, 2013). As of 2017, all lawsuits filed against the UN regarding its role in 
the cholera epidemic have been dismissed (Gladstone, 2017). 
While the potential of compensation seems just and poses a possible 
source of aid for the victims’ families, it does leave the UN vulnerable and can 
have farther-reaching consequences. Compensating individual victims could 
reach 32 billion dollars and would likely exceed that estimate (Schaefer et al., 
2013). In addition, ruling in favor of financial reparations would have left the UN, 
which had 15 peacekeeping missions worldwide, vulnerable to similar claims 
(Schaefer et al., 2013). While it is undeniably important to establish accountability 
procedures, financial reparations of this magnitude could impede the UN’s 
potential for aid.  
However, the financial impact of reparations is not the only threat to the 
UN’s capacity for aid. The role of the UN in the cholera outbreak has caused 
mistrust and a resistance to their presence in Haiti. As early as November 2010, 
Haitian citizens protested the presence of MINUSTAH (Orata et al., 2014). While 
MINUSTAH’s mission was extended to help rebuild Haiti and control crime rates 
after the earthquake, their presence in the region was questioned long before 
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that time, and was thought to be a political strategy on the part of the United 
States (Saini, 2017). This mistrust was only made worse by the UN’s initial denial 
of its role in the outbreak, and future transparency is key in improving the 
organization’s image (Saini, 2017). 	  
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CONCLUSION 
 It is widely agreed upon that cholera was imported to the nation of Haiti 
due to a combination of extenuating circumstances: a devastating earthquake 
and the neglect of UN peacekeepers. However, the escalation of the outbreak 
into an epidemic was exacerbated by the nation’s weak infrastructure and lack of 
resources, which were made even worse by the earthquake. When cholera 
reached the United States six months after Haiti’s outbreak, 23 cases were 
reported (Newton et al., 2011). However, due to the available infrastructure and 
safe sanitation practices, the risk of cholera spreading in the United States was 
highly unlikely and person-to-person transmission did not occur (Newton et al., 
2011). Even in the Dominican Republic, the cholera outbreak was much less 
severe than the on in Haiti due to improved infrastructure (Tappero & Tauxe, 
2011). The case of cholera in Haiti sheds light on how vulnerable low-income 
countries are to infectious disease epidemics.  
It is this same vulnerability that necessitates the introduction of 
precautionary policies to the UN’s pre-deployment training programs. Low-
income countries are both more likely to receive aid from the UN and more 
vulnerable to the burden of infectious disease. Recommendations for policy 
changes must be accepted and strictly enforced to prevent disastrous mistakes 
such as the one in Haiti. In addition, future research into the ways the UN can 
establish accountability is needed. 
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 Unfortunately, there is no end in sight for endemic cholera in Haiti. Water 
and waste treatment programs, vaccination campaigns, and community 
mobilization, are important multi-pronged methods in fighting the disease. 
However, further research is needed to explore which water and waste treatment 
campaigns are the most effective in order to better allocate resources. 
 More importantly, however, it is clear that WASH infrastructure reform can 
be largely successful in eliminating the disease. Proper WASH infrastructure was 
key in precipitating the epidemic and it will likely be the key to eliminating it. 
Reducing unsafe drinking and sanitation practices is paramount to alleviating the 
burden of cholera. Future resources and global cooperation must be targeted at 
establishing a sustainable, safe, and long-term drinking water source and waste 
management facilities.  
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